. Instability is the third most common mode of TKA failure that necessitates a revision procedure in 7.3%−28.9% of the cases [9] [10] [11] [12] . Although prevention is the best medicine, once instability occurs following TKA, the first steps of treatment are accurate diagnosis and identification of the exact cause of instability. Symptomfocused treatments that leave the underlying causes unaddressed often carry the risk of recurrence.
In this review article, we will discuss the diagnosis, causes, and treatments of instability following TKA.
Diagnosis 1. Clinical Evaluation
Instability following TKA can be defined as abnormal and excessive displacement of a knee prosthesis accompanied by clinical failure 13, 14) . Rheumatoid arthritis, connective tissue diseases, severe osteoporosis, and neuropathy are risk factors for postoperative instability. Correction procedures for severe deformity, such as aggressive ligament releases, are also related 15) . The instability can be attributable to neuromuscular pathology
Introduction
Total knee arthropalsty (TKA) has demonstrated superior efficacy in terms of pain relief and functional improvement, and the 10-year survival rates of the surgical procedure have been reported to be ≥90% 1, 2) . In the meantime, however, revision procedures have been performed with increasing frequency. In the US, revision TKA that has grown in prevalence, as well as primary TKA, consisted approximately 10% of the total TKA cases in 2002 3) . In South Korea, the incidence of primary TKA increased by 407% between 2001 and 2010 4) and has been rising steadily thereafter.
Although revision TKA has been considered necessary in only 2%−3.1% of the patients after primary TKA 4, 5) , it seems reasonable to expect that the increasing volume of primary TKA will . Obesity has also been associated with the increased risk of instability because collateral ligament injuries tend to occur due to the difficulty of surgical exposure. In a study by Winiarsky et al. 18) , medial collateral ligament (MCL) avulsion was observed in approximately 8% of the total TKA patients 18) . Instability following TKA can be suspected or diagnosed with medical history taking, examinations for symptoms, and physical tests. Medical history taking should particularly focus on the diagnosis for the primary TKA, the degree of preoperative deformity or joint contracture, previous surgery on the ipsilateral knee, surgical techniques and type of prosthesis used in primary TKA, rehabilitation regimen, and history of trauma after primary TKA 14) . Symptoms of instability vary, ranging from subtle sense of instability to dislocation. Instability can be suspected on the basis of the following symptoms: stiff-legged gait, hyperextension of the knee to lock the joint during stance phase, varus or valgus thrust gait, and abnormal or rotated foot progression angle during walking 19) . Patients with flexion instability may have difficulty in climbing up and down stairs, present with recurrent joint effusions, or complain of diffuse periretinacular tenderness or pain in the tendinous attachment site 20) . It is advised to exclude other causes, such as infection, and identify the cause that is associated with secondary instability, such as component loosening. Basic laboratory tests, including white blood cell count, erythrocyte sedimentation rate, and C-reactive protein, should be performed to rule out infection 21) . Recently, Aggarwal et al. 22) introduced a new leukocyte esterase test that allows for easy detection of infection using joint fluid with high sensitivity and specificity 22) . On physical examination, varus-valgus laxity is assessed with the knee in extension and .
Radiographic Evaluation
In general, radiographic follow-up after TKA involves fulllength standing anteroposterior (AP), lateral, and skyline radiographs. The AP and lateral views are taken with the X-ray beam directed parallel to the base plate of the tibial component to identify any changes between bone cement and prosthesis. Weightbearing radiographs are for identification of asymmetric wear or failure of the polyethylene liner 19) as well as lower limb malalignment that causes or worsens the instability, component malposition, and loosening. Skyline views facilitate observation of the location of the patella in the femoral groove, patellar subluxation, and status of the patellar component. Varus-valgus stress views allow assessment of the degree of ligament laxity, providing a more objective indicator of the presence of instability: significant lift off under application of stress indicates presence of medial or lateral instability 21) (Fig. 1 ). In the absence of specific numerical criteria for radiographic diagnosis of instability following TKA, a failure of primary TKA should be determined based on findings from serial X-rays.
Computed tomography is more effective in visualizing component loosening associated with secondary instability. It is also useful for identifying mal-rotation of the femoral component that can result in an asymmetric flexion space or, in particular, patel- .
Causes and Treatments
Instability can be prevented with appropriate prosthesis selection and a good surgical technique in most cases 13) . Prevention is the best treatment with regard to instability following TKA. Thus, the importance of flexion-extension and medio-lateral gap balancing should never be underestimated. A deep MCL release is effective for gap balancing for most varus deformities, and subperiosteal release of the MCL can be a solution for severe varus deformities 25) . However, a sequential release of the posteromedial capsule, semimembranosus tendon, superficial MCL, and the pes anserinus may be required for otherwise intractable varus deformities. In such a case, the procedure for varus deformity correction should be performed with care not to cause excessive opening of the medial space in flexion after complete release of the MCL.
In the valgus knee, contracture of the lateral soft tissue structures, including the lateral collateral ligament (LCL), iliotibial band (ITB), and lateral capsule, is accompanied by gradual attenuation of medial soft tissues. Structures that may need to be released for valgus deformity correction include the lateral capsule, LCL, arcuate ligament, popliteus tendon, lateral femoral periosteum, and distal ITB, and the adjacent lateral intermuscular septum can be partially released from the bony attachment site. The ITB can be released from the Gerdy's tubercle and the rest, from the lateral femoral condyle. The ITB is the first to be released if the knee is tight laterally in extension. Releases of the posterolateral capsule and the LCL are performed for tightness in both flexion and extension. The popliteus tendon release is useful for tightness of the lateral flexion gap 26) . The pie crusting technique using stab incisions should be employed for valgus deformity correction to avoid the risk of posterolateral instability due to excessive soft tissue stripping in the lateral femoral condyle 27, 28) . For severe valgus deformities, medial ligament advancement or reconstruction may be required due to MCL laxity 29, 30) . In order to prevent leglengthening and joint line elevation after deformity correction, excessive ligament releases should be avoided. In addition, care should be exercised to avoid the risk of neural damage caused by stretching of the peroneal nerve in elderly patients with ≥20 o of valgus deformity 31, 32) . In revision TKA, it is imperative to identify the cause of TKA failure and solve the specific problems with appropriate treatment methods. Instability is mostly attributable to component loosening, bone loss, prosthetic breakage, improper component size or position, periprosthetic fracture, wear, or collateral ligament laxity 15) . Restoration of the mechanical limb alignment is essential for successful revision TKA 15) . In addition, assessment on the ligament integrity and medio-lateral flexion-extension gap balancing should be performed 15) . However, soft tissue structures that were clearly visible in primary TKA may become thicker, weakened, transformed into scar tissues, or even disappear at the time of revision surgery. The loss of soft tissue support and deformation make gap balancing difficult. For varus-valgus balancing, the contracted portions of the medial or lateral ligament or tendon should be released, whereas an attenuated ligament may need to be treated with advancement or reconstruction. Gap balance is also affected by releases of the contracted posterior soft tissues, bone resection level, and component position and size. It is recommended to use a minimally constrained type of prosthesis to maintain stability 33, 34) . In most cases, it is practically impossible to achieve stability without implanting a constrained prosthesis in unstable knees that require ligament reconstruction 35) (Fig.   1 ). However, constrained condylar implants have limited usage among relatively young and active patients because they have been associated with increased risk of revision TKA due to early loosening caused by excessive stress on the fixation interface 32) . Instability following TKA can be divided into different types according to classification criteria and different treatment regimens are prescribed depending on the type of instability. Vince et al. 15) suggested there are 1) varus/valgus, 2) recurvatum, 3) AP (in flexion), and 4) global types of instability according to the direction of deforming force. Parratte and Pagnano 14) proposed three different types of instability: 1) extension instability, 2) flexion instability, and 3) genu recurvatum.
Extension Instability
Extension instability can be broadly divided into symmetric extension instability and asymmetric extension instability 14) .
An excessive bone resection may result in symmetric extension instability. Care should be taken not to cause joint line elevation by minimizing bone resection when the amount of distal femur cut is greater than the distal thickness of the femoral component. Asymmetric extension instability can be encountered more often in clinical settings. It is mainly associated with mediolateral gap imbalance and may become worse in the presence of malalignment. It can also occur due to traumatic collateral ligament injury following successful TKA. The most common cause of asymmetric extension instability is insufficient correction of deformity. Therefore, a desired limb alignment and medio-lateral gap balance should be achieved in primary TKA using a proper soft tissue release. The use of a constrained condylar implant can be considered as an option in primary TKA, if gap imbalance appears to persist due to severe deformity that limits the efficacy of a soft tissue release or an iatrogenic injury to the collateral ligament occurs during surgery 32, 36) .
Flexion Instability
Flexion instability can be defined as the presence of the flexion gap larger than the extension gap. It occurs mostly due to an undersized femoral component or a steep tibial slope. The use of an undersized femoral component with a decreased AP dimension in revision TKA due to excessive bone loss leads to an increase in the flexion gap. Therefore, the decision on the femoral component size should be based not on the remaining bone stock but on the assessment of flexion stability. During revision TKA, efforts should be made to replicate the original anatomy of the distal femur, for which the size of the removed femoral component and the radiographs of the other knee can be referred to. If the flexion gap is smaller than the extension gap, a femoral component smaller than the original can be effective for enlarging the flexion gap; however, a greater femoral component should be implanted, if instability is present in flexion. Therefore, in case of extensive bone loss, aggressive augmentation using a metal or bone graft should be performed for flexion gap restoration. Malrotation of the femoral component can be another cause for flexion instability. Excessive internal rotation of the original femoral component results in extensive resection of the postero-lateral femoral condyle and excessive external rotation, extensive resection of the postero-medial femoral condyle, eventually leading to creation of a trapezoidal flexion gap. Thus, care should be taken to the rotational alignment of the femoral component in revision TKA. The transepicondylar axis, if it remains in the revision surgery, serves as the best reference for accurate restoration of the rotational alignment that should be parallel to the transepicondylar axis.
Flexion instability can occur in patients with PCL-retaining implants who have lax or injured PCL. In these patients, the resultant flexion gap of an inappropriately great size causes flexion instability and even dislocation in severe cases, which can be treated with use of a posterior stabilized implant in revision TKA (Fig. 2) . Recent posterior stabilized implants are devised to have a longer jump distance, the distance for the cam to jump over the post, making dislocation a very rare event. However, if varusvalgus instability is present, even these implants may not provide sufficient stability to prevent dislocation.
Flexion instability is commonly accompanied by collateral ligament laxity, which requires the use of a constrained type implant. If a dislocation occurs, it is initially treated with closed reduction, a brace, and avoidance of positions that can cause dislocation. However, if it recurs, surgical intervention becomes unavoidable. If the extension gap allows, insertion of a thicker polyethylene insert may be tried to obtain stability. However, if flexion instability persists, metal augmentation should be performed to compensate for the flexion gap in revision TKA and the use of a constrained condylar implant should be considered 37) . A rotatinghinge total knee prosthesis should be viewed as an option when stability is not attainable with a constrained condylar implant due to extensive soft tissue laxity in the knee.
Genu Recurvatum
Recurvatum following TKA is one of the most challenging deformities. Thus, prevention is the best treatment 14) . There are some surgical techniques designed to prevent recurvatum during primary TKA in patients with hyperextension deformity: underresection of the distal femur and insertion of an augmentation block in the femoral component to make some degree of flexion contracture remain after surgery 14) . Krackow and Weiss 17) suggested proximal or posterior placement of the femoral origins of the MCL and LCL to maintain normal tension with the knee in full extension. Recurvatum after TKA may require the use of a brace for life or a rotating hinge total knee prosthesis, or arthrodesis 24) (Fig. 3) .
Rotating hinge total knee prosthesis that is rarely used due to the risk of aseptic loosening may be useful for recurvatum following TKA.
Conclusions
TKA failure resulting from instability can be prevented with a proper selection of prosthesis and surgical technique. Treatment success of instability following TKA is primarily dependent on the accurate diagnosis. Thus, thorough history taking and physical examination are essential, considering symptoms can be as mild as pain or vague sense of instability. It is imperative to identify the root cause of instability to determine proper treatment.
During revision TKA, care should be taken to medio-lateral soft tissue balancing, flexion-extension gap equalization, and restoration of stability with proper selection of a constrained implant.
